Interactions between neuropeptides and psychiatric disorders have been investigated for many years. The aim of this study was to evaluate oxytocin (OXT), arginine-vasopressin (AVP), and atrial natriuretic peptide (ANP) and assess their interactions with each other, as well as investigate these changes with the manifestations of schizophrenia. Participants and methods: Thirty-four individuals having acute schizophrenia and 24 healthy individuals as the control group were included in the study. Positive and Negative Syndrome Scales, Global Assessment of Functionality score, and Clinical Global Impression (CGI) scores were measured. Serum hormone levels were analyzed using enzyme-linked immunosorbent assay and were compared with the clinical findings. Results: OXT levels were significantly lower and AVP levels were significantly higher in patients having acute schizophrenia than the control group. OXT was negatively correlated with Positive and Negative Syndrome Scales positive score and CGI score, while it was positively correlated with Global Assessment of Functionality score. AVP was negatively correlated with CGI score. ANP levels of the patients having schizophrenia were lower than the control group; however, there was no significant correlation with clinical findings.
Introduction
Schizophrenia is a severe mental disorder involving delusions of thought, perception, attention, affect, and behavior, as well as heavy losses in interpersonal relationships, work life, and collective harmony. 1 Schizophrenia effects almost 1% of the population worldwide and usually begins during youth. Although there is no significant difference in the frequency and prevalence of this disease between males and females, it has been shown in recent studies that males have this disease more commonly.
2 DSM 5 defines an acute episode for a schizophrenia patient as one who has active symptoms for at least 1 month, without treatment (or 1 month with treatment). The etiology of schizophrenia may be due to one of the following: stress-prone, environmental and psychosocial factors, infectious and inflammatory factors, and neurohormonal interactions. [3] [4] [5] Hypothalamic-pituitary-adrenal axis (HPA) plays the major role for the neurohormonal interactions in schizophrenia. 6 Oxytocin (OXT), composed of 9 amino acids, is produced by paraventricular and supraoptic nucleus of the hypothalamus and released by the posterior pituitary gland. OXT acts as a neurotransmitter in the brain and submit your manuscript | www.dovepress.com
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guzel et al regulates social interactions and sexual reproduction, playing a role in maternal-infant bonding primarily. Besides these general features, animal studies of schizophrenia models have demonstrated that OXT improves emotional discrimination and reverses social behaviors. 7, 8 OXT also protects the hippocampus from harmful effects of stress hormones, suppressing stress-induced cortisol release, reducing anxiety, and creating a sense of confidence in the HPA axis. 9 Arginine-vasopressin (AVP) is produced by supraoptic and paraventricular nucleus and released by the posterior pituitary gland. AVP is known for its important role in body fluid balance; however, the evidence is increasingly pointing out that it has an important role in the brain as a neurotransmitter and regulates the functions of corticotropic cells in the pituitary. 10, 11 Atrial natriuretic peptide (ANP) is another peptide hormone which has strong natriuretic, diuretic, and vasoactive properties and is synthesized in the muscle cells of the heart atrium and released into the plasma. 12 ANP receptors are found in the kidney glomeruli, mesangial cells, and central nervous system (bulbus, lateral tractus, nucleus accumbens, dorsomedial, suprachiasmatic hypothalamic nucleus, etc) in varying concentrations. In addition, ANP is produced in the brain, and it moderates OXT release. 13 ANP also acts as an inhibitory regulating hormone in the HPA system. 11 There are limited data about the alterations of these neurohormones in schizophrenia. The aim of our study was to evaluate neurohormones and their interactions with each other, and their relationship with the clinical features of the disease.
Participants and methods study design
The study was designed as a cross-sectional study at the psychiatry inpatient clinic of our Medical Faculty Hospital. Patients who were hospitalized with acute schizophrenia diagnosis were included in the study. These patients were assessed at the first week of their hospitalization. Ethics committee approval was received from the Sakarya University Medical Faculty ethics committee. Patients were interviewed by a psychiatrist and were evaluated according to the criteria of DSM-V. The sample was formed as 2 groups: schizophrenia patients with acute episode (n=34) and healthy individuals, who voluntarily participated in the study (n=24). All participants or legal guardian provided written informed consent. The schizophrenia and control groups were only selected among the male patients with the aim of avoiding the confounding effect of gender. Body mass index (BMI), educational status, duration of the disease, the drugs used, and demographic data were recorded for each patient. All patients received drug treatment in the usual order, according to the prevalent standards for acute schizophrenia.
assessment measures
Positive and negative syndrome scale (PaNss)
The PANSS, which was developed by Kay et al, 14 is a semistructured interview scale including 30 items rating the severity with a 7-point severity rating. Eighteen of these 30 items were adapted from the "Brief Psychiatric Rating Scale" and 12 were adapted from the "Psychopathology Assessment Scale." Among 30 psychiatric parameters assessed by PANSS, 7 items belong to the positive syndrome subscale, 7 to the negative syndrome subscale, and the remaining 16 items belong to the general psychopathology subscale. All items have been identified in PANSS, and detailed explanations accompany each of the 7 severity points of these items. The increased levels of psychopathology are reflected in the 7-point evaluation. These are: 1= no, 2= very light, 3= light, 4= moderate, 5= moderate/heavy, 6= heavy, and 7= very heavy. PANSS scoring is carried out by adding up the scores for each item. The potential score range for positive and negative syndrome subscales is 7-49, and for general psychopathology subscale, it is in the range of 16-112. PANSS assessments are usually performed by taking a defined period of time including the most recent week into account. The information is collected both by clinical interviews and through consultation with family members or, if the patient is in hospital, with the health professionals that are primarily responsible of the patient. PANSS evaluation is performed following a 30-40 minute semistructured interview.
14 The validity and reliability study of the scale for Turkish was conducted by Kostakoglu et al. 15 clinical global impression scale (cgi) CGI was developed by Guy 16 to assess the clinical course of all psychiatric disorders of all ages. CGI is a 3-dimensional ("severity of the disorder," "healing," and "severity of side effects") scale and is filled during a semistructured interview to assess the responses of people with psychiatric disorders to the treatments. In this study, only the subscale of "severity of the disorder" was assessed. 16 global assessment of functionality (gaF)
In its general context, GAF is a scale that is used to track the clinical course of the people through a single measure. While only the psychological, social, and occupational functioning is rated using the GAF scale, functional impairments due to 
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aNP and posterior pituitary neurohormone changes in schizophrenia physical or environmental constraints cannot be assessed separately. The evaluation performed using this scale is done by grading the functionality of a person by assigning a score in the range of 1-100 by the clinician for the current period or for a period in the past. 17 
laboratory analysis
At the first day of their hospitalization, blood samples from the patients and the control group were taken into tubes without anticoagulant (BD Vacutainer K2 plus plastic tubes, Becton Dickinson, Franklin Lakes, NJ, USA), and these samples were allowed to clot completely at room temperature; then, the sera were separated by centrifuging them at 4°C at 5,000× g for 5 minutes, and they were stored at -80°C until the day of biochemical analyses.
To determine the serum OXT, AVP, and ANP levels, commercial kits were used following the kit protocols, and solid-phase sandwich enzyme-linked immunosorbent assay (ELISA) method (BioTek ELX50 Reader, BioTek, Instruments, Winooski, VT, USA and BioTek ELX-800 Washer, BioTek Instruments) was applied. OXT (Elabscience ELISA, Catalog No: E-EL-0029, Houston, TX, USA) standards with known concentrations and serum samples were placed into ELISA plates coated with human OXT-specific monoclonal antibodies. Following the incubation, elimination, and color reaction phases, a color change was observed, and it was evaluated by measuring and expressed in pg/mL. Similar procedures were applied for serum AVP level (Elabscience ELISA, Catalog No: E-EL-H0272), and serum ANP levels (Elabscience ELISA, Catalog No: E-EL-H0532). All biomarker samples were read on the ELISA reader (BioTek, Epoch) at 450 nm wavelength. The results were expressed in pg/mL, taking the given sensitivity values into consideration and calculating from the standard curve.
statistical analysis SPSS for Windows 22.0 software package (IBM Corporation, Armonk, NY, USA) was used in the statistical evaluation of the data in the study. Student's t-test was used to compare the mean of the variables that fit the normal distribution, and Mann-Whitney U test was used for the variables that did not fit the normal distribution in the comparison of the categorical variables. Shapiro-Wilk test used for evaluating the normality of distribution of the variables. Correlations of linear variables were evaluated by Pearson correlation analysis. Spearman's correlation analysis was used for the variables that did not fit the normal distribution. Significance level was accepted as P0.05.
Results
general characteristics and clinical features of patients
Thirty-four male acute schizophrenia patients and 24 male healthy subjects were involved in the study. There was no statistically significant difference between groups in terms of age (schizophrenia group's mean age was 38.9±13.57 years, and control group's mean age was 40.75±10.28 years) and BMI (schizophrenia group's mean BMI was 26.22±5.79 and control group's mean BMI was 26.78±4.11). Clinical and demographic properties of acute schizophrenia patients are presented in Table 1 .
comparisons of the biochemical parameters
OXT levels were significantly lower and AVP levels were significantly higher in patients with acute schizophrenia than the individuals in the control group. ANP levels were not significantly different ( Table 2) .
correlation of hormonal levels and clinical features in patients with acute schizophrenia
OXT was negatively correlated with PANSS positive score and CGI score while it was positively correlated with GAF score. AVP was negatively correlated with CGI score. There was no correlation with other parameters. Correlation of biochemical parameters with all clinical features of patients is summarized in Table 3 and Figure 1 .
Discussion
The main findings of the present study are about posterior pituitary neurohormones and ANP changes in patients with 
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guzel et al acute schizophrenia. Briefly, OXT is low in patients with acute schizophrenia, and there is a negative correlation between OXT and PANSS positivity and the CGI score, which indicates the symptom severity. On the other hand, there was a positive correlation between OXT and functionality according to the GAF scale. Conversely, the other posterior pituitary neurohormone AVP was significantly higher in schizophrenia, and there was a negative correlation between AVP and CGI score. ANP concentration was lower in schizophrenia patients with acute attack, but not in a significant level, and also it was not correlated with clinical features. OXT, with effects ranging from maternal attachment to fear extinction, has attracted increasing attention of the researchers for the diagnosis and treatment of the schizophrenia. As in our results, a recent study supported that decreased serum levels in patients having schizophrenia correlate with neuroendocrine dysfunction and negative symptoms. 18 However, there are conflicting findings about oxytocin and symptom severity. 19, 20 Our results suggest that OXT has a relationship with functionality of the patient and the severity of the disease as well as the positive symptoms. Functionality is an important result, and thus it affects the whole of the patients' and their relatives' life burden. 21 Recently, it has been shown that nasal administration of OXT as a treatment approach has ameliorated social cognition and facial emotion recognition in schizophrenia. 22 The results of our study are in line with previous studies, and it is promising for future studies about the relationship between functionality of patients having schizophrenia and the OXT. AVP has an important role in the maintenance of water and electrolyte balance. Along with the increase in AVP, osmoregulation is disturbed and hyponatremia occurs. Hyponatremia causes changes in the mental status, eg, delirium. AVP and psychosis has previously shown to have a suspicious relationship; although psychosis, polydipsia, and appropriate AVP release constitute a clinical triad, their relationship is not clear. 23, 24 According to the literature, AVP concentration is increased in schizophrenia, and this result confirmed the high concentrations of AVP levels in our study. AVP was correlated with the clinical severity of schizophrenia. Previously, higher AVP levels were shown to be associated with worse anhedonia and antisocial behaviors, positive and negative symptom severity and worse cognition. 25, 26 We could not find a relationship between AVP changes and the symptoms of schizophrenia; this is considered to be because of the sample size or the study design and since all of the cases are male in our study. According to the literature regarding the emotional behavior function, there are different findings showing the gender-dependent changes of this hormone. 26, 27 OXT and AVP are closely related neurohormones modulating stress responses, 28, 29 although their general actions often oppose to each other. 30 This yin-yang type relationship 
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aNP and posterior pituitary neurohormone changes in schizophrenia also supports our findings and explains why AVP increases while OXT decreases in patients with acute schizophrenia. ANP, which is secreted in response to the atrial stretch, was demonstrated to have a role in mental disorders, especially after polydipsic schizophrenia cases in 1990s, and this is in line with our findings, indicating that there is a negative correlation between ANP and AVP. 31 Also, a functional relationship, and even coexistence, has been demonstrated between OXT and ANP in the literature. 32 The cardiac ANP release in the bloodstream occurs after being stimulated by hypothalamic OXT according to an experimental study, whose results indicate that OXT receptors mediate the actions of OXT in releasing ANP. This, by releasing cyclic GMP, slows down the heartbeats and reduces the heart's force of contraction, in order to produce a rapid reduction in the blood volume that circulates in the body. 33 These results confirm the hormonal changes that are detected in our study.
The limitation of our study is having a small sample size. Having a male sample group is both a strength and a limitation. Hormones related to gender, which have been shown to have important effects on other neurohormones, have been a serious confounding factor in previous studies. 34 We eliminated this confounding factor by selecting all of the cases among the male patients. However, the changes in female patients cannot be seen in this design.
This study compares a clinical sample with healthy controls, so that the control group does not have comparable clinical features to provide variance analysis or any other correction analysis. Additionally, the patients did not have a controlled electrolyte/water intake program, which may change AVP and ANP levels. 35 The sample of this study includes patients without any experimental intervention, the patients were naturally treated and observed in a psychiatry clinic so the results demonstrate the levels of OXT, AVP and ANP in natural conditions of these patients, but this study design may lead the confounding factors to be overlooked. Planning a controlled study on a larger scale and with a diet program to preserve electrolyte and fluid balance may return stronger results. The strength of our study is that this is the first acute schizophrenia study that evaluates OXT, AVP, and ANP neurohormones together and even evaluated the changes with respect to clinical features.
Conclusion
With this study, we evaluated the OXT, AVP, and ANP neurohormones together and evaluated their changes with the clinical features of acute schizophrenia. The obtained data indicate that the AVP level was higher; however, OXT and ANP levels were lower in patients having acute schizophrenia. Specifically, OXT level is related with reduced disease severity and increased functionality.
